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Abstract
The objective of this study was to determine placental membrane permeabilities to water, urea and mannitol in intrauterine
growth restriction (IUGR) and compare them to normal gestational age matched controls. Further, we wished to investigate
whether potential changes in permeability were related to changes in membrane fluidity, cholesterol or phospholipid fatty
acid content of the membranes. Syncytiotrophoblast microvillous (MVM) and basal membranes (BM) were isolated from
normal and IUGR placentas at term. Passive permeability to water, urea, and mannitol showed no significant alterations in
IUGR compared to controls. Cholesterol content in BM, but not in MVM, was lower in placentas from pregnancies
complicated by IUGR. However, membrane fluidity did not change in these pregnancies. The phospholipid fatty acid
composition of the plasma membranes isolated from all placentas showed a predominance of unsaturated fatty acid species
in the BM and saturated species in the MVM. In the MVM from IUGR, mead acid (20:3), behenic acid (22:0) and nervonic
acid (24:1) constituted higher percentages of the total when compared to normally grown controls. In the BM from IUGR,
mead acid (20:3) was increased relative to the total phospholipid fatty acid content. In conclusion, the syncytiotrophoblast
membranes exhibit only minor changes in passive permeability and composition when the pregnancy is complicated by
IUGR. ß 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction
Normal fetal growth and development is depend-
ent on su⁄cient transport of nutrients from the ma-
ternal to fetal circulation. The syncytiotrophoblast
layer constitutes the primary barrier for transplacen-
tal transport in the human. There are two possible
pathways for solutes to permeate the syncytiotropho-
blast layer: a transcellular route requiring permea-
tion of both the microvillous and basal plasma mem-
branes or through water ¢lled trans-trophoblastic
channels. It has been assumed that hydrophilic mol-
ecules are transported across the placenta almost ex-
clusively by means of water ¢lled channels [1]. Per-
meabilities to hydrophilic molecules of the term
human placenta have been studied in vivo [2^5]
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and using in vitro perfused tissue [6,7]. Syncytiotro-
phoblast plasma membranes isolated from term pla-
centa have also been used to de¢ne the permeabilities
of these plasma membranes to a range of non-elec-
trolyte solutes [8] and water [9]. The data from iso-
lated plasma membranes suggest that a transcellular
route may account for a signi¢cant portion of the in
vivo permeability for small hydrophilic solutes in the
human placenta [8].
Alterations in plasma membrane composition af-
fect membrane order, £uidity and lipid-protein inter-
actions. A number of studies have shown that the
activity of membrane bound enzymes and passive
permeability to small solutes are altered with changes
in membrane composition due to dietary in£uences
[10^12]. Likewise, clinical conditions such as cystic
¢brosis [13,14], diabetes [15^17], cigarette smoking
and alcohol consumption [18] are associated with
alterations in membrane fatty acid composition, per-
meability and enzymatic activity. Altered placental
membrane lipid composition in pregnancy would af-
fect transcellular transport but not permeation
through water ¢lled channels. Assuming that the
transcellular component is a signi¢cant proportion
of total transport of biologically important substan-
ces such as water, glucose and amino acids, then
alterations in membrane composition and passive
permeability might be involved in a variety of preg-
nancy complications. Passive permeability character-
istics of the human placenta in abnormal pregnancies
are largely unknown.
Pregnancies complicated by intrauterine growth re-
striction (IUGR) are those in which the fetus fails to
reach its genetic growth potential. A current theory
based on epidemiological data suggests that maternal
nutritional state may play an important role in this
condition and that adult health may be predeter-
mined by fetal nutritional status in utero [19]. Devel-
oping fetuses are dependent on the placenta for
transport of essential fatty acids (EFA) and their
derivatives, long chain polyunsaturated fatty acids
(LCPUFA). These fatty acids are major components
of cellular membranes, precursors to eicosanoids and
are critical for organogenesis and proper growth.
Developmental de¢ciencies in EFA have been linked
to neurological [20,21] and visual disorders [22]. Ma-
ternal undernutrition a¡ects the free fatty acid com-
position of placental homogenates and is correlated
with low birth weight [23]. Other studies have shown
that an altered placental fatty acid composition may
be related to IUGR [24], pre-eclampsia [25] and pre-
term labor [26]. However, the phospholipid fatty acid
composition of the isolated syncytiotrophoblast plas-
ma membranes has not been previously reported.
Changes in EGA, LCPUFA or cholesterol content
in these membranes would a¡ect the £uidity as well
as the passive permeation of important fetal nu-
trients. We tested the hypothesis that pregnancies
complicated by IUGR have an altered syncytiotro-
phoblast plasma membrane permeability and compo-
sition.
2. Materials and methods
2.1. Membrane isolation and characterization
In order to study placental transcellular permeabil-
ity and determine the lipid composition of the syn-
cytiotrophoblast plasma membranes, we simultane-
ously isolated microvillous (MVM) and basal (BM)
membranes from human placentas obtained from
pregnancies complicated by IUGR and from healthy,
gestational age matched controls. Human placental
tissue was obtained immediately following delivery
and processed according to protocols approved by
the local ethical committee for Go«teborg University
and Sahlgrenska University Hospital, Go«teborg,
Sweden. Selected clinical characteristics for the pa-
tient population from which placentas were obtained
are given in Table 1. IUGR was de¢ned as a birth
weight two standard deviations below the population
mean for gestational age and sex. The normal term
group included only uncomplicated pregnancies.
MVM and BM were prepared simultaneously from
placentas as described previously [27]. Approxi-
mately 100 g of villous tissue was dissected away
from the chorionic plate, decidua and fetal mem-
branes. The tissue was washed in bu¡ered saline
and homogenized (at 4‡C, in bu¡er D: 250 mM su-
crose, 10 mM HEPES-Tris pH 7.4, 1.6 WM antipain,
0.7 WM pepstatin A, 0.5 WM aprotinin, 1 mM
EDTA). Di¡erential centrifugation steps were con-
ducted (two runs at 10 000Ug for 15 min followed
by 125 000Ug for 30 min, at 4‡C) to remove cellular
debris. From the crude membrane fraction the MVM
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were separated by Mg2 precipitation and BM were
further puri¢ed on a discontinuous sucrose step gra-
dient (140 000Ug for 60 min at 4‡C). A ¢nal wash in
bu¡er D and centrifugation (125 000Ug for 30 min,
at 4‡C) of both membrane samples was conducted.
Samples were resuspended in bu¡er D and snap fro-
zen in liquid nitrogen and stored at 380‡C until use.
Using alkaline phosphatase activity [28] as a
marker for MVM and forskolin (30 WM) stimulated
adenylate cyclase activity as a BM marker, this prep-
aration produced plasma membranes with a high
yield (V25%) and enrichment (MVM V20-fold
and BM V12-fold). Enrichment of the membranes
isolated from term IUGR placentas was not signi¢-
cantly di¡erent from controls. In addition, only min-
imal contamination by intracellular and non-syncy-
tial plasma membranes could be demonstrated (data
not shown). Measurement of vesicular surface area-
to-volume ratio (S/V) was carried out using two £u-
orescent probes, diphenylhexatriene (DPH) and 9-
aminoacridine, as reported in detail elsewhere [9].
The fraction of closed vesicles was determined by
2,4,6-trinitrobenzene sulfonic acid quenching [9].
These date are summarized in Table 2.
2.2. Permeability measurements
All permeability measurements were performed at
37‡C using a Hi-Tech SF 51 stopped £ow apparatus
(Salisbury, Wiltshire, UK) with a 50 W quartz halo-
gen lamp in series with a single grating monochro-
mator (excitation 500 þ 5 nm) as a light source. Os-
motic water permeability (Pf) was measured by
subjecting membrane vesicles loaded with 150 mM
ra⁄nose in 5 mM HEPES-Tris pH 7.4 to a 100
mOsm/kg outwardly directed osmotic gradient. The
subsequent vesicle shrinkage was monitored (2500
data points per experiment) by measuring the inten-
sity of scattered light and single exponential curves
were ¢tted to the experimental data. Pf was calcu-
lated by comparing single exponential time constants
to simulated curves as previously described [9]. Per-
meabilities to urea and mannitol (Ps) were measured
using published protocols [29]. Brie£y, membrane
vesicles were subjected to 100 mOsm/kg inwardly di-
rected solute gradients under isoosmotic conditions.
Vesicle swelling, due to water entry following the
permeation of solute, was monitored by the decrease
in the intensity of scattered light. Using the initial
rate of vesicle swelling and the amplitude of swelling
in experiments in which an inwardly directed osmotic
gradient of 100 mOsm/kg was used, single exponen-
tial curves were simulated. Ps was calculated using
the single exponential time constant (d) according to
the relation: Ps = 1/{(S/V)d}.
2.3. Membrane £uidity and composition
Membrane £uidity was assessed by steady state
DPH anisotropy at 37‡C [30]. After hexane extrac-
tion the membrane lipid fraction cholesterol content
was assayed using o-phthalaldehyde [31].
Table 1
Selected clinical data
Normal term IUGR term
n 9 10
Maternal age (years) 33.6 þ 1.5 31.9 þ 1.7
Gestational age (weeks) 38.6 þ 0.4 38.1 þ 0.2
Smokers (n) 1 2
Route of delivery
vaginal 1 4
cesarean 8 6
Placental weight (g) 649 þ 46 405 þ 26*
Birth weight (g) 3474 þ 117 2230 þ 73*
Mean þ S.E.M. *P6 0.05, Student’s t-test.
Table 2
Vesicle purity and enrichment
Normal term MVM IUGR term MVM Normal term BM IUGR term BM
Alkaline phosphatase enrichment 21.5 þ 2.7 20.21 þ 7.9 2.9 þ 0.3 3.8 þ 1.4
Adenylate cyclase enrichment ^ ^ 13.2 þ 3.1 11.7 þ 3.2
S/V (cm31U105) 5.4 þ 1.3 5.2 þ 0.9 5.0 þ 0.7 5.0 þ 0.1
Mean þ S.E.M. n = 6^10. S/V was determined by diphenylhexatriene and 9-aminoacridine £uorescence using a value for placental
MVM obtained by electron microscopy as a reference.
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2.4. Determination of fatty acid composition of
membrane phospholipids
Lyophilized samples of MVM and BM were ex-
tracted three times with chloroform:methanol 2:1
(v/v) containing 0.01% butylated hydroxytoluene
(BHT). The lipids were fractionated on a single
SEP-PAK aminopropyl cartridge (Waters Corp.,
Massachusetts, USA) by the method described by
Kaluzny et al. [32]. The fraction of phospholipids
was transmethylated in methanolic HCl (3 N) at
90‡C over 4 h. The fatty acid methyl esters were
extracted with n-hexane and thereafter washed with
water until neutral, dried with MgSO4 and blown to
dryness with nitrogen. The fatty acid methyl esters
were separated by capillary gas-liquid chromatogra-
phy in a Hewlett-Packard 6890 gas chromatograph
equipped with a 30 mU0.25 mm SP-2380 column,
¢lm thickness 20 mm. Helium at 2.0 ml/min was
used as carrier gas and a splitless injector was used.
The injector and detector temperatures were 300 and
250‡C, respectively. The column oven temperature
was programmed from 50‡C to 230‡C at a heating
rate of 20‡C/min up to 180‡C thereafter 2‡C/min.
The separation was recorded with HP GC Chem
Station software. As internal standard C 21:1 was
used and the fatty acid methyl esters identi¢ed by
comparison with retention times of pure reference
substances.
2.5. Statistics
Results are given as mean þ S.E.M. Student’s t-test
or paired t-test were used to evaluate data statisti-
cally. A P value 6 0.05 was considered signi¢cant.
2.6. Materials
All materials were purchased from Sigma Chemi-
cal Co. unless otherwise stated.
3. Results
3.1. Membrane permeability
Passive permeability to water (Fig. 1) was not al-
tered in MVM or BM from IUGR placentas (n = 6)
compared to normally grown controls (n = 6). BM
water permeability was nearly two-fold higher than
in MVM as has been previously shown [8]. Urea and
mannitol permeability for MVM and BM in control
placentas (n = 6) and IUGR (n = 6) are presented in
Fig. 2. No signi¢cant di¡erences could be demon-
strated in either urea or mannitol permeabilities in
membranes isolated from the IUGR placentas com-
pared to control. The general pattern of higher solute
Fig. 1. Water permeability (Pf) of syncytiotrophoblast MVM
and BM in IUGR compared to control. Bars represent mean þ
S.E.M., n = 6 for each group. Pf for MVM was signi¢cantly dif-
ferent from BM in both groups. IUGR and controls were not
signi¢cantly di¡erent from each other.
Fig. 2. Syncytiotrophoblast plasma membrane permeability (Ps)
to urea and mannitol in IUGR compared to control. Ps urea
was not di¡erent between MVM and BM in either group. Ps
mannitol for MVM was signi¢cantly lower than BM in both
groups. IUGR and controls were not signi¢cantly di¡erent
from each other. Bars represent mean þ S.E.M., n = 6 for each
group.
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permeability in the BM compared to MVM was con-
sistent with previous data [9].
3.2. Membrane composition and £uidity
Cholesterol content was approximately two-fold
higher in MVM as compared to BM (Fig. 3). The
MVM from IUGR placentas (n = 4) were not di¡er-
ent from MVM controls (n = 6). However, BM ob-
tained from the IUGR placentas (n = 4) contained
approximately 30% less cholesterol (P6 0.05) than
normally grown controls (n = 6).
Steady state DPH anisotropy is inversely related to
membrane £uidity. Anisotropy measurements are
presented in Fig. 4. Membranes isolated from
IUGR placentas showed no alterations in DPH ani-
sotropy.
The proportion (mol %) of 18 phospholipid fatty
acid species in MVM and BM are shown in Table 3.
The predominant fatty acid in both apical and basal
membrane surfaces was palmitic acid (16:0) with
35.9 þ 0.8 mol % in MVM and 31.7 þ 0.3 mol % in
BM (P6 0.01, MVM vs. BM by paired t-test, n = 8).
Arachidonic acid (20:4) was the second most preva-
lent fatty acid species in both membranes with
18.9 þ 0.7 mol % in MVM and 23.7 þ 0.7 mol % in
BM (P6 0.001 by paired t-test, n = 8). Comparisons
between MVM and BM for each of the 18 fatty acid
species showed statistical di¡erences in 12 of the 18
tested. The unsaturated fatty acids predominated in
the BM (53.0 þ 0.4%) while the saturated forms pre-
dominated in the MVM (55.7 þ 0.7%).
The general patterns described above persisted in
the MVM and BM isolated from IUGR pregnancies
(n = 5, Table 3). Several phospholipid fatty acid spe-
cies showed signi¢cant alterations in the IUGR
group when compared to the control group. The
MVM of IUGR placentas had signi¢cantly higher
percentages of mead acid (20:3), behenic acid
(22:0) and nervonic acid (24:1). The BM of IUGR
placentas had a signi¢cantly higher percentage of
mead acid (20:3).
4. Discussion
Previous studies of syncytiotrophoblast membrane
permeability at term [9] comparing MVM and BM
suggested that the BM was a more £uid membrane
with generally greater passive permeability to water
and small solutes and that a lower cholesterol con-
tent was one feature of this di¡erence. However,
changes in passive permeability of syncytial mem-
brane composition in pregnancies complicated by
IUGR have never been addressed. We have recently
reported changes in water and solute permeability
throughout the course of normal gestation [33]. In
order to avoid any confounding factors of gestation-
al alterations we have included only term (37^41
weeks) samples in both the control and IUGR
groups.
IUGR at term was not associated with signi¢cant
Fig. 3. Cholesterol content of syncytiotrophoblast MVM and
BM. MVM was signi¢cantly di¡erent from BM in both groups.
BM IUGR was signi¢cantly lower than term control BM. Bars
represent mean þ S.E.M., n = 4 for IUGR group, n = 6 for con-
trol group. *P6 0.05.
Fig. 4. DPH anisotropy (1/£uidity) in placental MVM and BM.
MVM were signi¢cantly di¡erent from BM in all groups.
IUGR and controls were not signi¢cantly di¡erent from each
other. Bars represent mean þ S.E.M., n = 4 for IUGR group,
n = 6 for control group.
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alterations in the permeability of syncytiotrophoblast
membranes to water or small solutes. In sheep,
IUGR did not a¡ect placental urea permeability
when normalized to placental DNA, however when
normalized to fetal weight a reduction could be dem-
onstrated [34]. This is a result of the often markedly
increased fetal weight-placental weight ratio in exper-
imental models of IUGR in sheep, which is not a
prominent feature in the human condition. A de-
creased relative placental exchange area could have
consequences for passive permeation across the pla-
centa in IUGR even with preserved permeability
characteristics of the transcellular pathway. How-
ever, in term IUGR of unknown origin, total tropho-
blastic surface area normalized to fetal weight is
somewhat increased rather than decreased [35].
Thus, our data suggest that transplacental permea-
tion of water and small hydrophilic solutes is unaf-
fected in term IUGR.
An increased membrane £uidity generally results
in a higher water and solute permeability of the lipid
bilayer [36]. Factors like cholesterol and sphingomye-
lin content, protein-to-lipid ratio, fatty acyl chain
length and degree of unsaturation in the membrane
are major determinants of £uidity [37]. Addition of
cholesterol to arti¢cial bilayers and biological mem-
branes typically lowers £uidity. The substantially
higher cholesterol content and lower £uidity of the
MVM as compared to the BM in both groups are in
line with ¢ndings in other transporting epithelia [37]
and are the likely basis for the generally lower per-
meabilities of the MVM compared to BM. A 30%
reduction in the cholesterol content in the BM of the
IUGR placentas was observed. This did not, how-
ever, result in an altered membrane £uidity.
The physiological functions of EFA and their long
chain derivatives (LCPUFA) include their important
role as cytoskeletal components as well as their bio-
logical mediator role in cell signaling. Many fatty
acids are essential nutrients due to the lack of syn-
thetic pathway enzymes in animal cells. The essential
nature of these nutrients is magni¢ed during develop-
ment due to the low rate of fetal synthesis by desat-
uration and elongation [38]. Therefore a wide range
Table 3
Fatty acid composition of phospholipids
FA mol % Normal term IUGR
MVM BM MVM BM
n = 8 n = 8 n = 5 n = 5
12:0 0.09 þ 0.01 0.09 þ 0.01 0.10 þ 0.0 0.10 þ 0.0
14:0 0.68 þ 0.04 0.56 þ 0.06* 0.72 þ 0.07 0.64 þ 0.05
14:1 0.01 þ 0.01 0.01 þ 0.01 0.04 þ 0.02 0.04 þ 0.02
16:0 35.9 þ 0.8 31.7 þ 0.3** 33.9 þ 0.7 30.7 þ 0.8
16:1 0.45 þ 0.03 0.63 þ 0.06** 0.58 þ 0.06 0.82 þ 0.07
18:0 10.0 þ 0.3 9.4 þ 0.3* 9.4 þ 0.4 9.6 þ 0.3
18:1 8.1 þ 0.2 9.2 þ 0.2*** 7.5 þ 0.3 8.8 þ 0.3
18:2 7.0 þ 0.3 10.1 þ 0.4*** 6.0 þ 0.5 9.1 þ 0.5
20:0 0.9 þ 0.08 0.3 þ 0.02*** 0.9 þ 0.05 0.3 þ 0.02
18:3 0.09 þ 0.01 0.10 þ 0.0*** 0.10 þ 0.0 0.10 þ 0.0
20:2 0.30 þ 0.02 0.34 þ 0.03 0.26 þ 0.02 0.36 þ 0.02
20:3 0.13 þ 0.02 0.11 þ 0.01 0.22 þ 0.0277 0.24 þ 0.02PPP
22:0 4.8 þ 0.5 5.9 þ 0.6 7.5 þ 0.577 5.5 þ 0.3
20:4 18.9 þ 0.7 23.7 þ 0.7*** 18.7 þ 0.8 25.3 þ 1.5
24:0 3.7 þ 0.3 0.9 þ 0.06*** 3.9 þ 0.5 1.0 þ 0.4
24:1 2.6 þ 0.3 1.6 þ 0.1*** 3.4 þ 0.27 1.2 þ 0.2
22:6 6.5 þ 0.5 5.4 þ 0.4*** 6.9 þ 0.4 6.2 þ 0.5
18:1/18:2 1.2 þ 0.06 0.9 þ 0.03*** 1.3 þ 0.07 1.0 þ 0.06
20:3/20:4 0.01 þ 0.0 0.01 þ 0.0 0.01 þ 0.0 0.01 þ 0.0
*P6 0.05, **P6 0.01, ***P6 0.001, normal term MVM vs. BM, paired t-test. P6 0.05, P6 0.01, P6 0.001, IUGR MVM vs.
BM, paired t-test. 7P6 0.05, 77P6 0.01, IUGR MVM vs. normal term MVM, Student’s t-test. PPPP6 0.001, IUGR BM vs. normal
term BM, Student’s t-test.
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of fatty acid species must be transported across the
placenta. The fatty acids of greatest interest include
linoleic acid (18:2), arachidonic acid (20:4), and do-
cosahexaenoic acid (22:6). These are critical compo-
nents in the development of the brain as well as other
organ systems and serve as precursors to prostaglan-
dins, thromboxanes and leukotrienes. Long chain
fatty acids are accumulated in the fetus during ges-
tation, with increased transport during the third tri-
mester when fetal demand for LCPUFA is increased.
Studies of the mechanisms for transplacental trans-
port of EFA/LCPUFA show that a fatty acid bind-
ing protein which preferentially binds LCPUFA is
located on the maternal facing MVM of the syncy-
tiotrophoblast [39]. Other fatty acid binding proteins
which bind both EFA and LCPUFA are located on
both membrane surfaces [40]. Intracellular transport
of fatty acids is thought to be mediated by cytoplas-
mic fatty acid binding proteins of which the placenta
has two forms [41].
To our knowledge this is the ¢rst study to report
the distribution of phospholipid fatty acids in the
syncytiotrophoblast membranes which comprise the
epithelial barrier to transport across the human pla-
centa. The predominant fatty acid in both membrane
surfaces was palmitic acid (16:0) which is consistent
with most epithelial plasma membranes [42]. The sec-
ond most abundant fatty acid was arachidonic acid
(20:4), which is an essential nutrient to the fetus. The
accumulation of arachidonic acid in fetal plasma
during gestation is well documented [43,44] but the
accumulation of arachidonic acid in the fetal facing
membrane of the syncytiotrophoblast has not been
previously reported. Of the 12 fatty acid species
which have unique distributions in the trophoblast
plasma membranes, the straight chain saturated
forms were found in higher proportion in the apical
surface while the unsaturated forms were in greater
abundance in the basal membrane. This distribution
is compatible with the ¢nding that BM have a great-
er £uidity and passive permeability to water and
small solutes than MVM.
The pattern of saturated fatty acids dominating in
the MVM and unsaturated forms dominating in the
BM was preserved in the syncytial membranes iso-
lated from IUGR pregnancies. This would support
the ¢ndings in this study showing little or no change
in membrane £uidity or passive permeability to
water, urea and mannitol. The small increase in pal-
mitoleic acid (16:1) in the IUGR membranes may be
an indicator of fatty acid de¢ciency in maternal plas-
ma in the IUGR pregnancies, since elevated palmi-
toleic acid (16:1) in plasma is considered an early
indicator of fatty acid de¢ciency. This is further sup-
ported by the signi¢cant increase in mead acid (20:3)
which is also considered an indicator of essential
fatty acid de¢ciency. The isolated syncytiotropho-
blast basal membrane showed reductions in linoleic
acid (18:2) similar in magnitude to those seen in
placental homogenates [24] but the changes were
not statistically signi¢cant. No changes were found
in arachidonic acid (20:4) or docosahexaenoic acid
(22:6) in either membrane. The importance of arach-
idonic acid (20:4) as a substrate for eicosanoid
synthesis might explain why the concentration of
this acid was preserved despite a decrease in lin-
oleic acid (18:2). The reductions of the important
LCPUFA precursors oleic acid (18:1) and linoleic
acid (18:2) in BM might indicate a reduced fetal
delivery of these essential fatty acids. However, with-
out measurements of maternal and fetal plasma fatty
acids we can only speculate that these alterations
have limited the supply of essential nutrients to the
IUGR fetuses.
A number of studies have shown a relationship
between fatty acid status in the mother, fetus or pla-
centa and IUGR [23,24,43,45^47]. In studies of fetal
and maternal plasma fatty acid content the data are
contradictory. In one study little or no change was
seen in the cord blood of IUGR fetuses compared to
controls; however, the maternal plasma in these
pregnancies was shown to have reduced stearic acid
(18:0) [43]. Vilbergsson et al. [47] found alterations in
both maternal and fetal plasma fatty acid content in
pregnancies complicated by IUGR. In maternal
blood there was a reduction in linoleic acid (18:2),
arachidonic acid (20:4) and docosahexaenoic acid
(22:6) while IUGR fetuses had reduced mead acid
(20:3), arachidonic acid (20:4) and docosahexaenoic
acid (22:6) and elevated oleic acid (18:1) and linoleic
acid (18:2) content compared to control. Leaf et al.
[45] demonstrated a relationship between 20:3 and
20:4 and head circumference in both term and pre-
term infants. The di¡ering results of these studies
may in part be due to di¡erent types of analysis
conducted. The patient population may also vary
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between studies since IUGR fetuses can be de¢ned
by di¡erent criteria.
Studies of the fatty acid composition of umbilical
artery and vein walls in IUGR showed mead acid
(20:3) content of both vessels was correlated with
abdominal circumference and birth weight. Since
the umbilical vessel walls are derived from essential
fatty acids in the fetal blood, these data suggest the
growth restricted fetuses were lacking in these essen-
tial nutrients [48].
The data from the present study suggest that
changes in membrane £uidity or passive permeability
do not contribute to the development of IUGR.
Whether the small but signi¢cant changes we noted
in essential fatty acids might interfere with metabo-
lism and subsequently alter fetal growth in utero re-
mains unclear. In a recent report, a regime of intra-
venous infusion of essential fatty acids (linoleic, 18:2
and linolenic, 18:3) to pregnant women carrying
growth retarded fetuses resulted in signi¢cant in-
creases in biparietal diameter and birth weight
compared to mothers who received only amino acids
and glucose by intravenous supplementation [49].
This suggests that essential fatty acids and their
long chain derivatives are involved. The mechanisms
by which essential fatty acids alter fetal growth in
the pathophysiology of IUGR requires further atten-
tion.
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